The enzyme activities of Aspergillus oryzae on koji (malted rice) and Neurospora intermedia on S-oncom and O-oncom (fermented soybeans and okara with N. intermedia , respectively) were compared. The major enzymes of N. intermedia were different from those of A. oryzae , and the enzyme activities of O-oncom were extremely higher than those of Soncom. S 5 -Miso, S 10 -miso and S 9 O 1 -miso replacing 50% or 100% of steamed soybeans with S-oncom or a 9 : 1 mixture of S-oncom and O-oncom, respectively, were prepared to supplement the enzyme action of koji . The chemical components of those miso were almost the same as those of soybean-miso (C-miso). The miso soups prepared with S 5 -miso, S 10 -miso and S 9 O 1 -miso were all considered to be more palatable and pleasant-tasting than the soup prepared with C-miso, and their flavor was preferred in the same degree as that of T 5 -miso using 50% tempeh, the soybeans fermented with Rhizopus oligosporus . Scavenging activities of DPPH and O 2 Ϫ and antimutagenicity of the 70% ethanol extract from those miso were higher than those of hot-water extract, and the activities of S 9 O 1 -miso were the highest. The isoflavone-aglycons and brownish color of S 9 O 1 -miso were higher than those of C-miso. The higher contents of isoflavone-aglycons and melanoidines of S 9 O 1 -miso might contribute to their higher antioxidant activity and antimutagenicity. From these results, S 9 O 1 -miso has potential as a healthier alternative to C-miso in terms of taste and health benefits.
Miso has been a traditional daily seasoning for several centuries in Japan, and has served to suppress hypertension ( 1 ), colonic aberrant crypt foci ( 2 ), cerebrovascular disease ( 3 ) and elevation of plasma cholesterol ( 4 ) . However, its consumption in Japan is currently decreasing along with the growing popularization of western food. Recently, tempeh miso (T 5 -miso) using 50% tempeh, fermented soybeans with Rhizopus oligosporus, instead of steamed soybeans has been commercially used in Okayama Prefecture, and it was considered to be a high quality miso in terms of taste and flavor ( 5 ) . Neurospora intermedia , the fungus used in the preparation of oncom, an indigenous Indonesian food ( 6 ) , belongs to a genus other than Aspergillus, the fungus used in miso preparation. The present author has prepared okara oncom and defatted oncom (O-oncom and D-oncom), solid waste of soybean milk and defatted soybeans fermented using Neurospora intermedia , respectively ( 7 , 8 ) . Their acceptable taste ( 7 , 8 ) , antioxidant effects ( 9 , 10 ) and cholesterol-reducing functions ( 11 , 12 ) have been reported. Soybean oncom (S-oncom) was more tasty than O-oncom. In this paper, 3 novel types of miso, S 5 -miso, S 10 -miso and S 9 O 1 -miso, were prepared with 50% or 100% S-oncom or a 9 : 1 mixture of S-oncom and O-oncom instead of steamed soybeans to enhance the physiological functions of soybean-miso (C-miso). Their components and palatability were then compared with those of T 5 -miso and C-miso, and the antioxidant effects and antimutagenicity of S 9 O 1 -miso were compared with those of C-miso.
MATERIALS AND METHODS

Materials.
Okara powder (30 mesh) was provided from Misuzu Co. (Nagano, Japan) and koji (malted rice) was purchased from Kinka-syokuhin Co., Ltd. (Gifu, Japan). Soybeans (Fukuyutaka variety, Gifu, 2003) dehulled and cut into pieces were used.
Strains: Neurospora intermedia FGSC 2559 (Fungal Genetic Stock Center) and Rhizopus oligosporus NRRL 2710 (Northern Regional Research Center, USA) were purchased from Humboldt State University Foundation, Arcata, CA and Institute for Fermentation Osaka, respectively.
O-Oncom: O-Oncom and oncom-starter were prepared by the method described by Matsuo ( 7 ): One kilogram of okara (60% moisture) was autoclaved for 20 min under steam pressure of 0.18 MPa at 121˚C, compressed at 1.1 g/cm 2 to a thickness of 2.5 cm, and then the oncom-starter, lyophilized overmature Ooncom containing spores of N. intermedia, was then inoculated at a concentration of 0.3% to the okara-surface. The inoculated okara was incubated at 30˚C for 18 h while tightly covered with plastic sheeting. After E-mail: makko3_ishimatsu@yahoo.co.jp the spores had germinated, the plastic sheet was removed, and the okara was fermented at 27˚C for another 19 h under 65% relative humidity.
S-Oncom: S-Oncom was prepared by the method described above with the exception that soybeans were used instead of okara.
Tempeh: Soybeans were soaked overnight and cooked in an autoclave for 10 min under steam pressure of 0.18 MPa at 121˚C. After being cooled, soybeans were inoculated with the tempeh-starter, lyophilized rice overfermented with R. oligosporus, and then packed into polyethylene bags with pores at 2.5 mm distance to be shaped to a thickness of 2.5 cm, then inoculated for about 24 h at 30˚C ( 13 ) .
Miso: C-Miso (general rice miso containing 12% salt) consisting of 1 kg of steamed quartered soybeans and 0.5 kg koji were mixed well, and then salt and water were added to the mixture at final concentrations of 12% and 50%, respectively. Then the mixture was fermented at 30˚C without addition of yeast or lactic acid bacterium. T 5 -Miso, S 5 -miso, S 10 -miso and S 9 O 1 -miso were produced by the same method described above with the exception that steamed soybeans were replaced with 50% tempeh, 50% S-oncom, 100% Soncom or a 9 : 1 mixture of S-oncom and O-oncom, respectively. O-Oncom contains 13% protein and 4.5% fat, and steamed soybeans contain 16% protein and 9% fat. The replacement of steamed soybeans with Ooncom decreased the protein and fat contents of the soybeans-O-oncom mixture, and made the taste of the mixture bad. Substitution of 10% steamed soybeans with O-oncom was the maximal substitution that does not make the taste of miso bad.
Miso-extract: For unheated extract, the lyophilized miso was shaken with 5 volumes of n -hexane for one night at room temperature. The residue was shaken with 5 volumes of 70% ethanol, and the residue of 70% ethanol was subsequently shaken with 5 volumes of water at room temperature. The 70% ethanol extract and the water extract were individually concentrated under reduced pressure and in vacuo, respectively. For heated extract, the lyophilized miso was shaken with the same kinds of solvent as the unheated extract for 12 h at 60˚C, and each extract was individually concentrated under reduced pressure and in vacuo, respectively.
Analysis.
Component of miso: The pH, titratable acidity, reducing sugars and formol nitrogen of miso were determined by the Revised Standard Analytical Methods for Miso ( 14 ) . Protein solubility and hydrolyzed protein were individually calculated from the percentage of soluble nitrogen and formol nitrogen to the total nitrogen, respectively. Organic acids were analyzed using a Finepak SIL-5 column (4.5 ϫ 250 mm, Jasco Co., Tokyo) with 0.5% phosphoric acid as the mobile phase with monitoring by absorbance at 210 nm ( 15 ) . Ethanol, acetaldehyde and ethyl acetate were analyzed by a PEG 6000 glass column (25% 545 U, 60-80 mesh, 3 mm ϫ 2 m, GLC Science, Tokyo) at 80˚C and detected with a FID (GC-15A PFsc, Shimadzu, Tokyo) ( 16 ). Color was defined according to the Hunter color scale using a color difference meter (1000 DP, Nippon Densyoku, Tokyo), and hardness was measured by a creep meter (RE-3305, Yamaden Co. Ltd., Tokyo) at 30% compressibility and 5 mm/s speed.
Enzyme activities: The supernatant of 20% aqueous homogenate of koji , tempeh, S-oncom and O-oncom were dialyzed against water and used as the respective enzyme solution. The activities of protease (EC 3.4.21.14, at pH 6.0), leucine aminopeptidase (EC 3.4. 11.1) and glutaminase (EC 3.5.1.35) were assayed by the methods for soy source ( 17 ) , and lipase (EC 3.1.1.3) activity was measured according to the method described in the Worthington enzyme manual ( 18 ) . One unit (U) of protease, leucine aminopeptidase, and glutaminase was defined as the production of 1 g/min tyrosine, leucine and glutamic acid, respectively. One unit of lipase was defined as the enzyme amount capable of producing m M /30 min free fatty acid. ␤ -Glucosidase (EC 3.2.1.21) was assayed by the method described by Iwashita et al. ( 19 ) . Specifically, the mixture of 0.1 M acetate buffer (pH 4.5, 0.25 mL), 8 m M pnitrophenyl-␤ -glucoside (0.25 mL) and enzyme solution (0.25 mL) was incubated at 40˚C for 30 min, and then the reaction was stopped by addition of 0.1 M Na 2 CO 3 (2.5 mL). The enzyme activity was calculated from the increase in absorption at 400 nm by p -nitrophenol. One unit of ␤ -glucosidase activity was defined as the enzyme amount capable of producing 1 mol/ min p -nitrophenol under the reaction conditions described above. Activities of xylanase (EC 3.2.1.32) and cellulase (EC 3.2.1.4) were measured as the increase of reducing sugars derived from 1.2% xylan (pH 5.5 at 40˚C for 30 min) or 0.5% carboxymethyl cellulose (pH 4.8 at 40˚C for 30 min) by the Somogyi-Nelson method. One unit of xylanase and cellulase were defined as the enzyme amount capable of producing 1 g/min xylose and glucose. These enzyme activities at 0% and 12% salt concentration were compared.
1,1-Diphenyl-2-picryl-hydrazyl (DPPH) scavenging activity: The miso-extract (0.3 mL) was added to a mixture of 0.1 M acetate buffer (pH 5.5, 0.3 mL) and 0.2 m M DPPH in ethanol (0.2 mL), and the decrease in absorbance at 517 nm for 1 min was measured at room temperature. Fifty-percent inhibitory concentration (IC 50 ) was assayed as the weight of miso to scavenge 50% DPPH.
Superoxide anion (O 2 Ϫ ) scavenging activity: According to the method described by Oyanagi ( 20 ) , a mixture of 65 m M phosphate-borate buffer (pH 8.2, 0.1 mL), 0.5 m M xanthine (0.1 mL), 10 m M hydroxylamine (0.05 mL), the miso-extract, and xanthine oxidase (10 mU/mL, 50 L, Wako Pure Chemical Industries, Ltd., Osaka) was incubated for 30 min at 37˚C. Naphtylethylenediamine reagent (1 mL) was added to the mixture, and the absorbance at 550 nm was measured.
Isoflavone: The 70% methanol extract of miso was analyzed by HPLC with a Crestpack C 18 S (Jasco Co.) using a linear gradient from 10% to 60% methanol containing 4% acetate as a mobile phase and isoflavones were detected at 262 nm ( 21 ) .
Browning: Four percent aqueous miso-suspension with or without boiling for 10 min was centrifuged at 43,000 ϫ g for 20 min, and the absorbance of the supernatant was measured at 540 nm. The degree of browning was calculated from the absorbance and dilution rate of miso.
Antimutagenicity: The antimutagenicity against Nnitrosodimethylamine (NDMA) was assayed by a modified Ames test using Salmonella typhimurium TA 100 in the presence of S9 pretreated with acetone and fasting ( 22) . The His ϩ revertant colonies were counted after incubation for 48 h at 37˚C, and the suppression ratio was calculated as follows: 1Ϫ(numbers of revertant colony detected on test plateϪnumbers of spontaneous mutant colony detected on test plate)/(numbers of revertant colony detected on control plateϪnumbers of spontaneous mutant colony detected on control plate)ϫ100. Data show the meansϮSE for three measurements.
Sensory evaluation: Miso soup (containing 1% salt) was prepared with 8.3% miso without broth, and was boiled for 30 s. Female students (21-22 y old) were asked to rank the miso soup in order of their palatability at the taste, flavor and overall acceptability. The number of panelist at 1st, 2nd and 3rd test was 18, 21 and 24, respectively.
3. Statistical analysis. Data for sensory test on miso soup were analyzed as described by Newell and MacFarlane (23) using SPSS, a soft program for statistical analysis. Other data were obtained as the meansϮSE. The significance among them was evaluated by Tukey's multiple test using SPSS.
RESULTS AND DISCUSSION
Enzyme activities of koji, tempeh, S-oncom and O-oncom
To evaluate the suitability of S-oncom and O-oncom as ingredients for miso, the enzyme activities of koji, tempeh, S-oncom and O-oncom were compared at 0% and 12% salt concentrations (Fig. 1) . All enzyme activities of koji, tempeh, S-oncom and O-oncom were suppressed with 12% salt concentration, except leucine aminopeptidase of O-oncom. The protease activities of both oncom were lower than for koji with or without 12% salt. The activities of glutaminase, xylanase, cellulase and ␤-glucosidase of oncom were significantly higher than those of koji with or without salt. The major enzymes of oncom were different from those of koji, and the enzyme activities of O-oncom were extremely higher than those of S-oncom. The replacement of soybeans with a mixture of S-oncom and a little O-oncom might create a new type miso in collaboration with the enzymes of koji and oncom.
Physical and chemical characteristics of miso
The pH, titratable acidity, reducing sugars and formol nitrogen of miso were periodically determined. The fermenting periods until these values reached a constant level were 7 wk for C-miso and 6 wk for other miso. The chemical and physical characteristics of mature miso are shown in Table 1 . These characteristics of T5-miso, S5-miso, S10-miso and S9O1-miso were almost the same as those of C-miso. However, these kinds of miso showed extremely lower hardness and higher acetaldehyde content than C-miso. Their softness might be attributable to higher activities of xylanase and cellulase of tempeh and oncom (Fig. 1) . Protein solubility and protein hydrolysis of those miso were lower than those of C- Fig. 1 . Enzyme activities of koji, tempeh, S-oncom and O-oncom at 0% or 12% salt concentration. One unit of protease, leucine aminopeptidase, xylanase or cellulase was defined as enzyme amount capable of producing 1 g/min tyrosin, leucine, glutaminic acid, xylose, or glucose, respectively. One unit of lipase and ␤-glucosidase were defined as the enzyme amount capable of producing mM/30 min free fatty acid and 1 mol/min p-nitrophenol, respectively. 1 The volume of 0.1 N sodium hydroxide to neutralize 10 g miso. 2 The volume of 0.1 N sodium hydroxide to change pH of 10 g miso from 7.0 to 8.3. Aspartic acid  240  250  291  430  368  Threonine  72  95  114  117  96  Serine  89  101  128  152  125  Glutamic acid  238  281  321  408  356  Proline  121  141  129  189  162  Glycine  42  48  68  87  72  Alanine  109  118  161  185  151  Valine  74  87  110  122  101  Methionine  43  31  33  70  59  Isoleucine  68  81  97  108  90  Leucine  146  165  189  207  171  Tyrosine  87  99  119  136  112  Phenylalanine  85  98  110  121  99  Histidine  23  57  60  49  39  Lysine  104  129  91  134  97  Arginine  124  174  178  140  117   Total  1,665  1,956  2,202  2,655  2,215 miso (24) . The koji used in this study might be slightly immature; however, the effect might be little in comparison with oncom-miso and C-miso. The free amino acids of miso are shown in Table 2 . In all miso prepared using oncom, the concentrations of tasty amino acids, in particular aspartic acid, glutamic acid, glycine and alanine, were higher than those in Cmiso. The higher glutamate level of S9O1-miso might be attributed to the higher glutaminase activity of Soncom and O-oncom (Fig. 1) .
Sensory evaluation of miso soup
Sensory evaluations of miso soup in flavor, in taste and overall were done among young women, and the results are shown in Table 3 . The soups prepared with T5-miso and S5-miso were more preferable than that with C-miso (pϽ0.05, Table 3A) , and the soup prepared with S9O1-miso was more liked than with C-miso (pϽ0.05, Table 3C ). No significant difference was detected between the ranking scores of soup prepared with S5-miso and S10-miso (Table 3B) , or S10-miso and S9O1-miso (Table 3C) . Consequently, the flavor of S5-miso, S10-miso and S9O1-miso could be preferred similarly to that of T5-miso, which is known for its good aroma. Its palatability might be attributed to the high level of acetaldehyde (Table 1) , a key flavor ingredient of miso (25) , and the tasty amino acids (Table 2) . These results suggested that the S9O1-miso might be well accepted as a tasty novel miso by young women, who more often eat western-style dishes than Japanese-style ones.
Antioxidant activity
The antioxidant activities of miso were assessed by DPPH-IC50 and O2 Ϫ -IC50 (Table 4 ). The antioxidant activities of 70% ethanol extracts from miso were higher than those of aqueous extracts at both scavenging activities of DPPH and O2
Ϫ
. The order of antioxidant activity was ranked as follows: S9O1-miso, S10-miso and C-miso with or without heating. From this result, S9O1-miso could be expected to have strong antioxidant activity in vivo even after cooking.
Antimutagenicity
Since the antimutagenicity of miso was reported (26), the antimutagenicity of S 9O1-miso was compared with that of C-miso (Table 5 ). The antimutagenicity of the 70% ethanol extracts were higher than that of the aqueous extracts; the former antimutagenicity decreased as miso was heated, but the latter increased. The antimutagenicities of S9O1-miso extracts with water or 70% ethanol were apparently stronger than those of C-miso with or without heating. S9O1-Miso might have both hydrophilic and hydrophobic antimutagens.
Browning. Some melanoidines, the brownish products produced by Maillard reaction, were reported to react as antimutagens (27) and antioxidants (28) . The browning of aqueous extracts from miso was compared before and after heating ( Table 6 ). The extract of heated miso was darker than that of unheated miso. Some water-soluble melanoidines produced by heating might contribute to the increase in antioxidant activity (Table  4 ) and antimutagenicity ( Table 5 ). The antimutagenicities of aqueous extracts from S10-miso and C-miso were the same (Table 5 ). The antimutagenicities of melanoidines might not be strong.
Isoflavone component. The antioxidant activity (29) and antimutagenicity (28) of isoflavone aglycon were stronger than those of their glycosides. Isoflavones in Cmiso and S9O1-miso were analyzed (Table 7) . Heating decreased glucosides and aglycons of miso; this phenomenon would be natural to isoflavones as antioxidants. However, isoflavone aglycons of S9O1-miso were still larger than those of C-miso, probably due to the higher ␤-glucosidase activities of S-oncom and Ooncom (Fig. 1) . From these results, isoflavone aglycons and some melanoidines of S 9O1-miso were assumed to serve as factors in the higher O2 Ϫ -scavenging activity and the antimutagenicity of S9O1-miso (Table 4 and  Table 6 ). 6≤-O-Malonyl-␤-glucoside, a major isoflavone of soybeans (30), was not detected in any miso tested. Moreover, the isoflavone aglycons of S9O1-miso were only half of those of O-seasoning (31), which was made from the same ingredients as S9O1-miso except that 12% salt was replaced with 4% salt and 2% ethanol. The lower isoflavone-aglycon levels would be induced by lower activities of ␤-glucosidase of S-oncom and Ooncom at 12% salt concentration (Fig. 1) . Isoflavoneaglycons are bitterer than their glucosides (32) . The taste of O-seasoning was slightly bitter (31) . No significant difference was detected between the palatability of the taste of C-miso and S9O1-miso (Table 3 ). Higher flavorful amino acids of S9O1-miso (Table 2 ) might well mask the faint bitterness due to a little isoflavone aglycons. These results suggested that S9O1-miso might be a more tasty and healthier miso than C-miso. able technical assistance.
